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Abstract

We evaluated the association between two antiretroviral therapy (ART) adherence measurements—the med-
ication possession ratio (MPR) and patient self-report—and detectable HIV viremia in the setting of rapid ser-
vice scale-up in Lusaka, Zambia. Drug adherence and outcomes were assessed in a subset of patients suspected
of treatment failure based on discordant clinical and immunologic responses to ART. A total of 913 patients
were included in this analysis, with a median time of 744 days (Q1, Q3: 511, 919 days) from ART initiation to
viral load (VL) measurement. On aggregate over the period of follow-up, 531 (58%) had optimal adherence
(MPR �95%), 306 (34%) had suboptimal adherence (MPR 80–94%), and 76 (8%) had poor adherence (MPR
�80%). Of the 913 patients, 238 (26%) had VL �400 copies/ml when tested. When compared to individuals
with optimal adherence, there was increasing risk for virologic failure in those with suboptimal adherence [ad-
justed relative risk (ARR): 1.3; 95% confidence interval (CI): 1.0, 1.6] and those with poor adherence (ARR: 1.7;
95% CI: 1.3, 2.4) based on MPR. During the antiretroviral treatment course, 676 patients (74%) reported no
missed doses. The proportion of patients with virologic failure did not differ significantly among those re-
porting any missed dose from those reporting perfect adherence (26% vs. 26%, p � 0.97). Among patients with
suspected treatment failure, a lower MPR was associated with higher rates of detectable viremia. However, the
suboptimal sensitivity and specificity of MPR limit its utility as a sole predictor of virologic failure.
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Introduction

ADHERENCE TO COMBINATION ANTIRETROVIRAL THERAPY (ART)
reduces viral replication1 and prevents the emergence of

drug-resistant strains of HIV.2 Numerous studies have dem-
onstrated that high levels of adherence can be achieved in
Africa—even in the face of resource limitations—but adherence
measures remain inconsistent and vary greatly from program
to program.3 Although several methods have been validated,
no “gold standard” for adherence measurement has been iden-
tified for use in an African public health setting.4

Two measures that hold potential for widespread use in
resource-constrained settings are the medication possession

ratio5 (MPR) and patient self-report. MPR is derived from
pharmacy refill data and describes the proportion of days a
patient on a treatment regimen has medication on hand.
Good adherence as determined by MPR has been correlated
with virologic suppression6–10 and improved patient sur-
vival.11,12 Patient self-report of drug adherence is commonly
obtained in the context of clinical care; however, its utility
for predicting patient outcomes is poorly validated in re-
source-constrained settings. We evaluated the performance
of both measures to predict virologic suppression among in-
dividuals suspected of treatment failure in a large public sec-
tor program in Lusaka, Zambia.
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5Vanderbilt University School of Medicine, Nashville, Tennessee 37203.



Materials and Methods

We used longitudinal clinical care and pharmacy data
from patients receiving care in the Lusaka, Zambia public
health sector. This program is supported by the Zambian
Ministry of Health; patient care and clinic dynamics have
been described previously.13,14 Briefly, known HIV-seropos-
itive patients are screened and deemed eligible to initiate
ART based on clinical staging and CD4� T-lymphocyte
(CD4) criteria.15 Eligible patients receive monthly dispensa-
tions of ART based on two nucleoside reverse transcriptase
inhibitor (NRTI) drugs and one non-NRTI by pharmacy tech-
nicians; an extra 3-day supply of medications is provided to
safeguard against missed drug doses if patients were to ar-
rive late to their next visit. All patients are encouraged to
identify a neighbor or family member who acts as an “ad-
herence supporter.” This individual lends social support and
may retrieve pharmacy refills when the patient is unable to
make appointments. Medical information is entered into an
electronic database for program monitoring and reporting.16

Clinical evaluations are scheduled every 3 months, while
CD4 testing is performed every 6 months. Measurement of
plasma viral load (VL) is available in our setting, but is too
costly to be used routinely. Instead, we have devised an al-
gorithm to guide its judicious use, modified from the WHO
guidelines.15 A diagnosis of treatment failure is made pre-
sumptively when both clinical and immunologic criteria are
met. Clinical failure is defined as a new or recurrent World
Health Organization (WHO) stage 3 or 4 condition after 6
months. Immunologic failure is defined in any one of four
ways: a CD4 count rise of �50 cells/�l during the first 6
months of therapy, a persistent CD4 count �100 cells/�l af-
ter 12 months of ART, a decline in CD4 count to a value be-
low that of pretreatment baseline, or a CD4 count decline of
�30% from the on-treatment peak. When clinical and im-
munologic criteria are discordant (i.e., one suggests failure
and the other does not), then a VL test is performed to guide
care. Once a diagnosis of treatment failure is made, based ei-
ther on virologic or nonvirologic criteria, patients are
switched to second-line therapy.

We measured adherence in two ways: MPR and patient
recall. To calculate MPR, we divided the cumulative num-
ber of days late to pharmacy visits by the cumulative num-
ber of days on ART, and then subtracted this proportion from
100%. Patients were not counted as late to pharmacy ap-
pointments until after 3 days, to account for routine provi-
sion of extra drug doses. Patients in this analysis were cate-
gorized according to previously published conventions for
adherence by MPR: optimal (�95%), suboptimal (80–94%),
and poor (�80%).10,11 We also measured adherence based on
3-day recall of missed doses. Because most patients in our
setting report perfect adherence by this measure, we cate-
gorized individuals into one of two groups: those with any
reported missed doses while on therapy and those with no
reported missed doses. Adherence measurements prior to
the patient’s first VL measurement were included. VL con-
centration was determined using the Roche COBAS Am-
pliprep/COBAS Amplicor HIV-1 Monitor Test, version 1.5
standard format (Roche Molecular Systems, Branchburg,
NJ). Virologic failure was defined as VL �400 copies/ml, the
limit of detection of our assay.

Individuals included in this analysis were �16 years of

age, initiated ART based on the local eligibility criteria, were
ART naive at the time of treatment initiation, and met crite-
ria for VL measurement �100 days on treatment. Baseline
characteristics were compared across each of the adherence
categories using Pearson’s Chi-square test (categorical vari-
ables) and the Wilcoxon rank sum test (continuous vari-
ables). We included all factors associated with adherence at
a p � 0.05 level in a multivariable log Poisson model to es-
timate relative risk (RR).17 Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
were calculated for MPR thresholds of �95% and �80%, and
for any missed doses via patient self-report. We performed
statistical analyses using SAS v.9.1.3 (SAS Institute, Cary,
NC). This study was approved by the University of Zambia
Research Ethics Committee (Lusaka, Zambia) and the Uni-
versity of Alabama Institutional Review Board (Birmingham,
AL).

Results

Cohort description

From June 1, 2006 to November 30, 2007, 913 HIV-infected
adults were found to have discordant clinical and immuno-
logic responses after at least 100 days on ART and were
tested via VL. At time of enrollment, 69% (635/910) were
WHO stage III or IV, 48% (439/913) were male, and 15%
(134/913) had a diagnosis of active tuberculosis. The median
baseline CD4 count was 115 cells/�l (Q1, Q3: 58, 182) and
median baseline hemoglobin was 11.0 g/dl (Q1, Q3: 9.7,
12.5). An adherence supporter had been identified by 68%
(621/913), but only 27% (243/913) reported disclosure of
their HIV status to a partner or spouse.

MPR adherence and virologic suppression

Of the 913 adults, 531 (58%) had optimal adherence, 306
(34%) had suboptimal adherence, and 76 (8%) had poor ad-
herence. Individuals with an MPR �80% had a higher me-
dian BMI when compared to those with MPR �95% (19.9 vs.
21.1; p � 0.03). Patients with suboptimal and poor adherence
did not otherwise differ from patients with optimal adher-
ence according to baseline characteristics (data not shown).
The median time from ART initiation to VL measurement
was 744 days (Q1, Q3: 511, 919 days).

Overall, 238 of 913 (26%) had detectable viremia (i.e., �400
copies/ml). The distribution of adherence according to vi-
rologic suppression status appears in Fig. 1. The proportion
with detectable VL increased according to MPR-based ad-
herence categories from optimal [118/531 (22%)], subopti-
mal [89/306 (29%)], to poor [31/76 (41%); p for trend �
0.0002; Table 1]. This trend remained consistent in a multi-
variable model adjusting for age and the presence of an ad-
herence supporter. When compared to those with optimal
adherence, the risk for virologic failure was higher among
those with suboptimal [adjusted RR (ARR): 1.7; 95% CI: 1.0,
1.6] and poor (ARR: 1.8; 95% CI: 1.3, 2.4) adherence. When
we added baseline CD4� lymphocyte count, WHO stage, he-
moglobin, and BMI to the model, results did not change (data
not shown).

We assessed the performance of two MPR threshold in
predicting virologic failure. When we used a �95% MPR
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threshold, the sensitivity was 0.50 (95% CI: 0.44, 0.57), the
specificity was 0.61 (95% CI: 0.57, 0.65), the PPV was 0.31
(95% CI: 0.27, 0.36), and the NPV was 0.78 (95% CI: 0.74,
0.81). When we used a �80% MPR threshold, the sensitivity
was 0.13 (95% CI: 0.09, 0.18), the specificity was 0.93 (95%
CI: 0.91, 0.95), the PPV was 0.41 (95% CI: 0.30, 0.53), and the
NPV was 0.75 (95% CI: 0.72, 0.78).

Patient report and virologic suppression

Of the 913 patients, 676 (74%) reported never missing a
dose in the 3 days prior to clinic visits. The proportion of pa-
tients with virologic failure did not differ significantly
among those who did (176/676, 26%) and did not (62/237,
26%; p � 0.97) report ever missing a dose. Inclusion of age
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TABLE 1. RISK OF VIROLOGIC FAILURE FOR ART-NAIVE ADULTS SUSPECTED

OF TREATMENT FAILURE IN LUSAKA, ZAMBIA

Crude RR (95% CI)

Medication possession �95% 1.0
ratio 80–94% 1.3 (1.0–1.7)

�80% 1.8 (1.3–2.5)
Self-reported missed None 1.0

doses Any 1.0 (0.8–1.3)
Sex Female 1.0

Male 0.9 (0.7–1.1)
Disclosed HIV status to No 1.0

spouse/partner Yes 0.7 (0.6–1.0)
Spouse/partner tested for No 1.0

HIV Yes 0.7 (0.5–0.9)
Adherence supporter No 1.0

Yes 0.7 (0.6–0.9)
CD4� lymphocyte count �200 cells/�l 1.0

50–199 cells/�l 0.9 (0.7–1.3)
�50 cells/�l 1.2 (0.9–1.7)

WHO stage I or II 1.0
III or IV 1.0 (0.8–1.2)

Hemoglobin �8.0 g/dl 1.0
�8.0 g/dl 0.9 (0.6–1.6)

Body mass index �16 kg/m2 1.0
�16 kg/m2 1.4 (0.8–2.4)

Tuberculosis (active) No 1.0
Yes 1.0 (0.7–1.3)

FIG. 1. Distribution of adherence by medication possession ratio, stratified according to viral suppression or nonsup-
pression, among adults on antiretroviral therapy suspected of treatment failure in Lusaka, Zambia.



and adherence supporter to a multivariable model did not
change these results when those reporting at least one missed
dose were compared to those reporting no missed doses
(ARR: 1.0; 95% CI: 0.8, 1.3). The sensitivity of reporting a
missed ART dose was 0.26 (95% CI: 0.21, 0.32), the specificity
was 0.74 (95% CI: 0.71, 0.77), the PPV was 0.26 (95% CI: 0.21,
0.32), and the NPV was 0.74 (95% CI: 0.71, 0.77).

Discussion

In the setting of rapid service scale-up, we observed a
dose–response relationship between MPR-based adherence
measures and virologic outcomes among individuals with
discordant clinical and immunologic responses to ART.
However, the poor sensitivity and specificity of MPR limits
its utility to predict virologic failure in this population. While
some investigators have found patient self-report to be reli-
able,18 our self-report data based on 3-day recall had little
variability and performed poorly.

We found MPR to be more reliable than patient self-report
in predicting HIV treatment outcomes. Others have reported
similar dose-dependent relationships between MPR adher-
ence and virologic suppression.6–10 However, our observa-
tions demonstrate that MPR measurements of adherence can
predict increased risk for virologic failure in a busy public
sector clinical environment, as they do in public sector pro-
grams in Australia,8 managed care settings in urban South
Africa,11 and research settings in rural Uganda.10

We studied a select group of patients with discordant clin-
ical and immunologic response to ART. Unlike other set-
tings,6–10 VL was not routinely incorporated into long-term
treatment monitoring in our program, but instead was used
selectively due to resource constraints.19 We found perfor-
mance of our a priori MPR thresholds to be suboptimal for
predicting virologic failure. Both PPV and NPV at the �95%
and �80% MPR thresholds were inadequate to justify the
sole use of this measure to presume virologic failure; incor-
poration of VL is still required for diagnosis. However, given
the demonstrated association between MPR and virologic
failure, this may have a role in multiple-indicator clinical al-
gorithms to diagnose treatment failure without routine use
of VL measurements.

Identification of an adherence supporter, disclosure of
one’s HIV status to a spouse or partner, and knowledge of
a partner’s or spouse’s HIV testing history were all protec-
tive for treatment failure in our analysis. Each is a correlate
of social support, which is widely acknowledged to contrib-
ute positively to patient adherence,20 retention,21 and treat-
ment outcomes.22 Although an interesting and important 
ancillary finding, at present we are unclear whether such so-
cial structures provide therapeutic benefits for patients on
ART, or whether reports of such support are merely indica-
tors of an individual’s health-seeking behavior. Despite this
uncertainty, community education programs designed to in-
crease HIV awareness and to reduce stigma are clearly
needed, given their broad potential to impact prevention,
care, and treatment.

The primary limitation of this analysis was the impreci-
sion inherent in these surrogate markers for adherence. Al-
though valuable as an indicator for health-seeking behavior,
MPR represents a best-case scenario in terms of ART adher-
ence and likely overestimates actual patient ingestion of

drugs. Our ability to obtain only a single VL measurement
may lead to misclassification via intermittent viremic spikes
(i.e., “blips”) among patients. Since VL testing is a surrogate
for clinical outcome, the addition of antiretroviral resistance
measurements would add to the precision of the VL predic-
tive value in guiding the decision to switch antiretroviral
therapy. We suggest the need for including viral drug resis-
tance in future studies.23

In summary, while low MPR was associated with poor vi-
rologic outcomes, when used alone it is an inadequate mea-
sure to predict treatment failure. At present, we are work-
ing to incorporate this metric into larger models that may
have improved prognostic implications. We intend to con-
tinue to use MPR to help identify persons at risk for failure
on their given ART regimen, until there is a superior ap-
proach suitable for resource-constrained settings.
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